A UNITED STATES 
DEPARTMENT OF 


COMMERCE 
PUBLICATION 


UNITED 
STATES 
DEPARTMENT 
OF 
COMMERCE 


November 1971 


NATIONAL BUREAU OF STANDARDS 


Technical News Bulletin 


NATIONAL BUREAU OF STANDARDS 


Technical News Bulletin 


NOVEMBER 1971 / VOL. 55, NO. 11 / ISSUED MONTHLY 


263 
264 
266 
268 
269 
270 
274 
276 
2d 
278 
209 
281 


282 
283 
284 
287 


Coulometric Determinations of Atomic Weights 
Computer Automates Calibration of Accelerometers 
Sound Speed in Solids 

Firefighters’ Turn-Out Coats 

Accurate Vapor Pressure Equation for Water 
Science, Technology, and the Economy 

World’s Largest Testing Machine Goes Into Operation 
Synchrotron Used to Calibrate NASA Detector 
Postdoctoral Research Associateships for 1972 
Siting Air Pollution Samplers 

Standards and Calibration 


Conference on Accuracy in Spectrophotometry and Luminescence 
Measurements 


Precision Measurement Grants 
The First Evidence of Promethium in a Star 


NSRDS News 


Publications of the National Bureau of Standards 


Nat. Bur. Stand. (U.S.) Tech. News. Bull. 
CODEN :NBSTAR 55(11) 261-288 (1971) 


Superintendent of Documents Catalog No. €13.13:55/11 
Library of Congress Catalog No. 25—-26527 


COVER: Wide-angle view from above the 
12-million pound testing machine. See page 
274 for further details. 


U.S. DEPARTMENT OF COMMERCE 
Maurice H. Stans, Secretary 


James H. Wakelin, Jr. 
Assistant Secretary 
for Science and Technology 


NATIONAL BUREAU OF STANDARDS 
L. M. Branscomb, Director 


Prepared by the NBS Office of Technical 
Information and Publications, Washington, 
D.C. 20234 


W. R. Tilley, Chief 
Managing Editor 
D. V. Baker 


Contributing Editors 

L. K. Armstrong, R. T. Cook, D. K. Coyle, 
J. E. Kluge, C. R. Naas, A. Schach, C. N. 
Smith, S. A. Washburn, D. E. Webb 


G. J. Connell, Visual Editor 


The National Bureau of Standards serves as 
a focal point in the Federal Government for 
assuring maximum application of the physi- 
cal and engineering sciences to the advance- 
ment of technology in industry and com- 
merce. For this purpose, the Bureau is 
organized as follows: 


The Institute for Basic Standards 
The Institute for Materials Research 
The Institute for Applied Technology 
Center for Radiation Research 


Center for Computer Sciences and Tech- 
nology 


The TECHNICAL NEWS BULLETIN is pub- 
lished to keep science and industry informed 
regarding the technical programs, accom- 
plishments, and activities of NBS. 


For sale by the Superintendent of Docu- 
ments, U.S. Government Printing Office, 
Washington, D.C. 20402. Annual subscrip- 
tion: Domestic, $3; foreign, $4; single copy, 
30 cents. Use of funds for printing this 
publication approved by the Director of the 
Bureau of the Budget (June 22, 1971). 


COULOMETRIC DETERMINATIONS OF 


ATOMIC WEIGHTS 


For MANY YEARS-~ SCIENTISTS 
HAVE ATTEMPTED TO ESTABLISH 
MORE ACCURATE VALUES FOR 
ATOMIC WEIGHTS. As_ atomic 
weights form the basis for many 
formulations in all phases’ of 
chemistry, the accuracy of these 
values is of obvious importance. 
Basing their studies on Faraday’s 
Law, G. Marinenko of the Bureau 
and R. T. Foley of American 
University have  coulometrically 
determined the atomic weight of 
zinc to be 65.377 + 0.003.! 

The currently accepted value is 


65.38 +0.01. This value was 
adopted recently by the Inter- 
national Union for Pure and 
Applied Chemistry (IUPAC) in 
recognition of this and_ other 
studies. 

The coulometric methods _ of 


chemical analysis are based on the 
measurement of the amount of elec- 
tricity used in an electrochemical 
reaction. The law of definite propor- 


George Marinenko adjusts the cell prior to 
the electrochemical dissolution of the zinc- 
amalgam anode. A constant current of 
known magnitude is passed through the cell 
for a precalculated period of time sufficient 
to produce a change in mass of the anode 
roughly equivalent to two grams. 
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Coulometer used in the determination of the atomic weight of zinc. The weighed zinc- 
amalgam anode is suspended above a mercury pool cathode. A porous membrane filter 
inserted under the amalgamated anode showed no fall-off during the electrochemical 
dissolution. 


tions is valid for reactions induced 
by the passage of electric current 
through an electrolytic cell; in this 
particular application, the passage 
of two faradays* of charge through 
the cell will dissolve one mole of 


*The value of the faraday used in this study was 
96 486.70 coulombs/mole. 


zinc. Weighings were made of a 
zinc-amalgam electrode before and 
after electrolysis by a measured 
quantity of electric current. 
Knowledge of the weight loss as- 
sociated with a measured charge 


Continued on p. 277 
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COMPUTER AUTOMATES 
CALIBRATION OF 


ACCELEROMETERS 


James Pollard installs an accelerometer, sent to the Bureau for calibration, atop the table of 
a vibration exciter. This type of exciter, which was developed at the Bureau, gives a flat 
response with little undesirable transverse motion. 
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A NEW  COMPUTER-CONTROLLED 
CALIBRATION SYSTEM has quar- 
tered the time required to 
calibrate an accelerometer, im- 
proved the measurement quality, 
and significantly reduced _ the 
laboratory’s backlog. The system 
is controlled by a small, dedicated 
computer that performs all 
switching and setting operations 
and automatically records  ac- 
celerometer  response.! B. F. 
Payne, of the vibration laboratory, 
designed the system to speed the 
calibration operation, increase the 
quality and quantity of measured 
data, reduce tedious work and er- 
rors, and make_ possible more 
detailed analysis of data. 


ACCELEROMETER CALIBRATIONS 


The Bureau has calibrated vibra- 
tion pickups for industry and other 
laboratories on a regular basis for 
more than 15 years. This was once 
done with conventional commercial 
equipment — an electrodynamic 
vibration exciter having an arma- . 
ture supported vertically by flexible 
metal supports. These flexures and 
the complexity of the structure 
often resulted in instability at some 
frequencies, distortion, and un- 
wanted transverse motion of the ar- 
mature. The Bureau attacked this 
situation with a program of exciter 
redesign and improvement over 
nearly a decade. Transverse motion 
was greatly reduced and improved 
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performance obtained over a wider 
frequency range with the introduc- 
tion at the Bureau of ceramic arma- 
tures moving in air bearings and 
permanent magnet fields.? Despite 
this improvement, accelerometer 
calibration still required tedious 
work by highly trained operators. 
An automated system was needed 
that would perform accelerometer 
calibrations automatically without 
the possibility of error inherent in a 
manual calibration. Commercial 
calibration systems available at the 
time of this system design drove 
exciters with a signal that was 
swept in frequency over the range 
of interest. This is ideal for a “‘quick 
look” calibration, but it may in- 
troduce distortion and uncertainty 
into the calibration. The NBS auto- 
mated system, on the other hand, 
uses a steady state calibration 
process at selected frequencies and 
acceleration levels. 

The need for a faster, more accu- 
rate accelerometer calibration 
system was made more acute by the 
steadily increasing number of ac- 
celerometers to be calibrated. The 
Department of Defense’s Calibra- 
tion Coordination Group, a regular 
user of NBS calibration services, 
was aware of this need and sup- 
ported development of a new 
system to update NBS’s calibration 
capabilities. 


NEW SYSTEM 


The new calibration system con- 
sists, essentially, of two vibration 
exciters on an isolation air-table, a 
digital oscillator and power amplifi- 
er, the computer, and peripheral 


equipment for instructing the 
system and for plotting and record- 
ing data. 


The Dimoff-type exciters used 
supply a motion containing less 
than 1% harmonic distortion over 
most of their useful frequency 
range, making possible calibration 
uncertainties of not more than +1% 
from 10 Hz to 1 kHz and+2% from 1 
kHz to 3 kHz. Data reported above 3 
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kHz are obtained from a system 
using photometric interferometry to 
determine dynamic displacements. 
The computer has a 16,000-byte 
memory, which is divided into 16-bit 
words, and 16 general registers of 
16 bits each. Memory cycle time is 
1.8 ws and add instruction time is 34 
pes. The computer software is writ- 
ten in a machine language for con- 
trolling machine functions and also 
for setting relays and operating 
devices interfaced to the computer. 


SYSTEM OPERATION 


The computer is instructed in 
performing a calibration by 
keyboarding the directions into its 
terminal or, for often-repeated 


NBS time sharing 
computer terminal 
produces a printout 
of the response curve 
of a pickup calibrated 
on the computerized 
calibration system. 
Willian Stull inspects 
this output. 


Automated 
accelerometer 
calibration system 
consisting of, from 

left to right, two 
Dimoff-type vibration 
exciters on a stabilized 
platform, component 
interconnection panel, 
system components, 
magnetic tape drive, 
the computer, and the 
keyboard terminal for 
instructing the system 
and obtaining printout 
of test pickup response. 
B. F. Payne is at the 
keyboard. 


calibrations, by reading the calibra- 
tion parameters into the computer 
from a punched paper tape or mag- 
netic tape. These data are retained 
in the data block for the calibration; 
they include, for each exciter: 
frequency, the desired acceleration 
level, the oscillator. voltage, and 
relay-setting codes for the circuit 
configuration desired. 

The frequency entry sets the 
oscillator to the discrete frequency 
desired and the voltage entry sets 
the oscillator output amplitude. The 
output of the reference accelerome- 
ter mounted in the vibration exciter 
is then sampled (via an ac-to-de 
voltage converter) for comparison 

Continued on p. 283 
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The velocity of sound in this specimen of borosilicate optical crown glass was determined by 
measuring how long it took a pulse from a vibration transducer to travel across the specimen and be 
reflected back to the transducer. This specimen has parallel faces separated by 1, 1/2, and 2 inches. 


SOUND SPEED 


STUDIES ON MEASURING THE 
SPEED OF SOUND in solids have led 
to a technique which increases the 
accuracy of such measurements. 
Thomas’ Proctor, Jr., studied 
sources of error in this measure- 
ment and found that reflections 
within the bond between the sound 
transducer and the solid degrade 
signals reflected within the solid. 
By dimensioning the bond so that 
spurious bond reflections are 
delayed past the time of measure- 
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IN SOLIDS 


ment he improved measurement 
accuracy to better than 50 parts 
per million.! This improvement is 
of significance to scientists mea- 
suring sound velocity in laborato- 
ries and to engineers designing 
delay lines, which are widely used 
in radar and sonar systems. 


STUDYING PROPAGATION IN 
SOLIDS 


The speed with which sound 
travels through solids is commonly 


measured by placing a vibration 
transducer in contact with one face 
of a parallel-ended specimen of the 
material. The transducer sends out 
a pulse that is reflected within the 
sample and returns to be received 
by the same transducer (acting as a 
receptor). The pulse is then 
presented on a known time base by 
an oscilloscope. If two pulses hav- 
ing an adjustable separation are 
sent through the material and the 
delay adjusted so that the first 
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reflection of the second pulse coin- 
cides with the second reflection of 
the first pulse, the difference in 
starting time of the two pulses is the 
time required for a pulse to traverse 
the sample and return. 

Under the best conditions this 
technique yielded velocity values 
constant only within 200 ppm in alu- 
minum blocks cut to varying lengths 
from a single polycrystalline bar. 
Ti at the inconstancy was ap- 
parently due to heterogeneity of 
density within the sample material 
is suggested by the fact that varia- 
tions in the speed of sound mea- 
sured in silica were found to cor- 
respond roughly to variations in in- 
ternal stress and density observed 
with a polarimeter. A search was 
launched for a better material, one 
of sufficient uniformity for mea- 
surement variations to be attributed 
to the method. 

The search ended with borosil- 
icate optical crown glass BSC 
517/645, a material known to have 
high optical and _ acoustical 
uniformity,? which had been manu- 
factured at the Bureau. This materi- 
al offered as a bonus a temperature 
coefficient of velocity near zero. 
Variations in sound velocity mea- 
sured in a single sample of this 
material for round trips over paths 
of 1, 1.5, and 2 inches yielded varia- 
tions smaller than the measurement 


threshold. 


APPRAISING MEASURES OF SOUND 
SPEED 


The study disclosed that more ac- 
curate measurements of the time of 
flight within the sample were ob- 
tained as transducers of increasing 
resonant frequency were used. 
Further improvement in accuracy 
was achieved by adjusting the delay 
between pulses for coincidence 
earlier in the rise of the two pulses. 
In doing this Mr. Proctor found that 
the more-often-reflected pulse was 
shaped differently than the once- 
reflected second pulse, the former 
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having a more rapid rise. He studied 
the difference by obtaining time dif- 
ference factors, At, from photo- 
graphs of the front edges of signals 
on successive reflections. To cor- 
rect for wavefront change on reflec- 
tion he added the appropriate time 
correction factor to each measure of 
the delay time for pulse coin- 
cidence. This correction factor, Ar, 
has greatly improved measures of 
the velocity of sound through solids. 

It was also found that the pulses 
reflected from the far wall were not 
the only ones present; arriving later 
were pulses delayed by having been 
reflected within the bonding materi- 
al between the transducer and the 
specimen. These can be seen on the 
oscilloscope as weaker pulses fol- 
lowing the primary one by the dura- 
tion of their extra travel. These mul- 
tiple reflections confuse  coin- 
cidence settings because they 
change the shape of the returned 
pulses. The effects of multireflec- 
tions associated with the bond were 
eliminated by increasing the bond 


thickness until these unwanted 
reflections were removed from the 
rising slope of the wanted pulse. 

In this work water was used as 
the bonding agent between trans- 
ducer and specimen. Bonds of 
several wm are thick enough for the 
samples used to insure that the 
leading edge of the pulse will be 
undistorted. The bond gap is varied 
by mounting the transducer on a 
microscope mechanism so that it 
can be raised and lowered control- 
lably. The gap is adjusted so that 
the received pulses observed on an 
oscilloscope are positioned with no 
intrabond reflections occurring dur- 
ing the rise of the desired pulse. By 
correcting for all the different errors 
mentioned, sound speed values con- 
stant to within 50 ppm can be real- 
ized with a transducer resonant at 


18 MHz. 


' Proctor, T. M., Jr., Sound speed measurements in 
solids? absolute accuracy of an improved transient 
pulse method, J. Res. Nat. Bur. Stand. (U.S.), 75C (Eng. 
and Instr.), No. 1 (Jan.-Mar. 1971). Order by SD 
Catalog No. C13.22/sec.C:75. 

* Forsythe, W. E., Smithsonian Physical Tables (1954, 
the Lord Baltimore Press). 


Thomas Proctor, Jr., examines oscilloscope presentation as he increases the separation of a 
vibration transducer and a specimen. This gap will be adjusted so that no undesired signals 
occur during the rise of the desired one, for better measurements of the speed of sound in the 
specimen. 
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FIREFIGHTERS’ 
TURN-OUT COATS 


THE BUREAU, UNDER ITS RESPON- 
SIBILITIES SPECIFIED BY THE FIRE 
RESEARCH AND SAFETY ACT,! is 
investigating firefighters’ coats. 
The goal of this research is in- 
creased protection and comfort for 
the fireman while maintaining his 
functional ability. Although this 
particular investigation is aimed 
mainly at the turn-out or bunker 
coat, it is anticipated that the total 
program will yield useful data on 
the entire protective clothing 
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system of firefighters as well as 
their breathing apparatus. 
Statistics show that firefighting is 
among the most hazardous of occu- 
pations. All too often, during the 
course of extinguishing fire, injuries 
and deaths occur by exposure to 
smoke and toxic gases, overexer- 
tion, extreme temperatures, falls, 
and blows from flying or falling ob- 
jects. The protective clothing, hel- 
met, boots, gloves, and breathing 
apparatus are the firefighter’s main 


John Nichols of the Gaithersburg- 
Washington Grove, Maryland, Fire 
Department puts on a typical firefighter’s 
turn-out coat. Such coats are being 
investigated at NBS in an attempt to reduce 
severity and number of injuries to 
firefighters. 


protection against injury and death. 
For this reason, the Bureau has un- 
dertaken the investigation of 
firefighters’ coats to identify 
requirements they should meet, to 
examine existing tests or develop 


new tests to determine if these 
requirements are met, and to 
establish performance criteria 


(specifications). The need for such 
an investigation was demonstrated 
by preliminary NBS test results 
which show that some of the most 
commonly used firefighters’ coats 
cannot pass the flammability stan- 
dard proposed for children’s sleep- 
wear! 

Many factors besides flammabili- 
ty are also being considered. For ex- 
ample, the coat should be resistant 
to tearing by jagged objects, water 
penetration, and radiant heat; it 
should provide warmth in cold 
weather but still allow mobility; it 
must be easy to put on; and the in- 
terfaces between the coat and other 
items of clothing must be carefully 
designed. 

While there are tests available to 
determine some of these properties 
in the laboratory, a complete 
evaluation by existing procedures is 
impossible. For example, when a 
fireman is carrying breathing ap- 
paratus, it is exerting pressure on 
his clothing at a particular area, 
usually on the back and shoulders. 
What is the effect of this pressure 
on the coat’s resistance to heat? 
Could padding reduce injuries due 
to falls and flying objects and still 
allow the firefighter to function as 
effectively? When does wear 
reduce the effectiveness of the coat 
to the point that it should be 
discarded? 

For answers to these and other 

Continued on p. 286 
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ACCURATE VAPOR PRESSURE 


EQUATION FOR WATER 


An equation! for calculating the 
vapor pressure of pure water over 
the temperature range from 0 to 
100°C has been derived by A. 
Wexler and L. Greenspan of the 
Humidity Section. This equation 
yields computed values agreeing 
to within 7 ppm with the precise 
measurements at seven tempera- 
tures in the range 25 to 100°C 
recently reported at NBS by H. L. 
Stimson.2 Such an equation is 


essential in establishing and main- 
taining humidity standards, in 
calibrating hygrometers, in making 
humidity measurements, and in 
steam technology. The equation 
is also important in the fields of 
meteorology, air conditioning, 
chemical thermodynamics, and in 
vapor pressure measurements of 
organic liquids. 

The vapor 
ments were obtained with 


pressure measure- 


the 


steam boiler and precision ma- 
nometer formerly used at NBS to 
calibrate platinum resistance 
thermometers. The measurements 
have an estimated standard devi- 
ation of 20 ppm or less except at 
25° C where the estimated standard 
deviation is 44 ppm? Although 
formulations exist that give vapor 
pressures in reasonably good 
agreement with these measure- 

Continued on p. 282 


Saturation vapor pressure over water (IPTS-48) 


Temperature 


deg C 


0.0 


0.1 


0.2 


0.3 


0.4 


0.5 


0.6 


0.7 


0.8 


0.9 


ODMADUNSPWNH OS 


pascals 


610.752 
656.591 
705.451 
757.504 
812.926 
871.903 
934.630 
1001.31 
1072.15 
1147.38 


67489.65 


70111.14 
72817.02 
75609.37 
78490.34 
81462.10 
84526.84 
87686.81 
90944.29 
94301.58 
97761.02 
101325.01 


pascals 


615.205 
661.338 
710.510 
762.891 
818.660 
878.004 
941.117 
1008.20 
1079.47 
1155.15 


70377.90 
73092.33 
75893.44 
78783.39 
81764.35 
84838.51 
88008.13 
91275.49 
94642.88 
98112.68 


pascals 


619.686 
666.116 
715.601 
768.313 
824.431 
884.142 
947.643 
1015.14 
1086.84 
1162.97 


1243.76 
1329.45 
14.20.30 


79077.36 
82067.53 
85151.14 
88330.43 
91607.69 
94985.22 
98465.38 


pascals 


624.196 
670.924. 
720.724 
773.768 
830.237 
890.318 
954.209 
1022.11 
1094.25 
1170.83 


1252.10 
1338.30 
1429.65 


79372.24 
82371.65 
85464.73 
88653.71 
91940.89 
95328.58 
98819.13 


pascals 


628.736 
675.763 
725.879 
779.258 
836.079 
896.533 
960.816 
1029.13 
1101.70 
1178.75 


71183.25 
73923.46 
76751.00 
79668.03 
82676.71 
85779.28 
88977.97 
92275.10 
95672.96 
99173.94 


pascals 


633.304 
680.633 
731.068 
784.782 
841.958 
902.785 
967.462 
1036.20 
1109.20 
1126 


66209.90 
68789.98 


71453.40 
74202.25 
77038.64 
79964.73 


| 82982.71 


86094.78 
89303.22 
92610.31 
96018.38 
99529.80 


pascals 


637.902 
685.534 
736.289 
790.341 
847.873 
909.076 
974.150 
1043.30 
1116.75 
1194.71 


71724.41 
74481.92 
77327.18 
80262.36 
83289.64 
86411.25 
89629.45 
92946.53 
96364.83 
99886.71 


pascals 


642.529 
690.466 
741.542 
795.934 
853.825 
915.406 
980.878 
1050.45 
1124.34 
1202.77 


1285.98 
1374.22 


77616.62 
80560.91 
83597.52 
86728.69 
89956.67 
93283.77 
96712.32 
100244.69 


pascals 


647.187 
695.429 
746.829 
801.563 
859.814 
SPATS 
987.647 
1057.64. 
1131-97 
1210.87 


1294.57 
1383.33 


1477.39 
71bs 


77906.9 
80860.38 
83906.35 
87047.09 
90284.88 
93622.02 
97060.85 
100603.73 


pascals 


651.874 
700.425 
752.150 
807.227 
865.840 
928.183 
994.457 
1064.87 
1139.65 
1219.02 


1303.22 
1390. 


72542.57 
75326.18 
78198.19 
81160.77 
84216.12 
87366.47 
90614.09 
93961.29 
97410.41 
100963.83 
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SCIENCE, TECHNOLOGY, 


AND THE ECONOMY 


Statement by Secretary of Com- 
merce Maurice H. Stans before the 
Subcommittee on Science, Research 
and Development House Committee 
on Science and Astronautics, July 


Dipl 9715 


My interest in appearing before 
this Committee is to discuss the role 
of technology insofar as it relates to 
our economic development and par- 
ticularly as it relates to our interna- 
tional commercial relationships. 

This is most clearly evident from 
a review of our trade position, which 
is undergoing a very critical rate of 
change. 

I will attempt to demonstrate to 
the Committee that technology may 
be a key factor in developing a solu- 
tion to the emerging unfavorable 
trade balance. 


Introduction 


For nearly a century this country 
has enjoyed healthy surpluses in its 
international trade balance. Posi- 
tive balances have covered deficits 
resulting from tourism, defense, 
and foreign investment, and have 
accounted for substantial employ- 
ment for many Americans. Recent 
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events, however, should cause us to 
lose any complacency we might 
have acquired over the years. 
American manufacturers now find 
it increasingly difficult to compete 
in the world market. Imports are 
rising dramatically, faster than ex- 
ports, with a sharply negative im- 


‘pact on both the balance of pay- 


ments and domestic employment 
levels. 

No single answer fully explains 
why we are now facing these 
problems. Our international trade 
position is affected by a variety of 
economic and institutional factors 
such as: 

—inflation at home and abroad 

— foreign exchange rates 

—trade promotion 


—tariffs 
—quotas and = other import 
restrictions 


—nontariff trade barriers 

— export credit 

—domestic wage levels, and 
_—technological development. 


For obvious reasons we can do 
very little if anything to alter some 
of these factors. I doubt, for exam- 
ple, anyone seriously would suggest 
reducing United States wage levels. 


In some other areas, such as 
tariffs, nontariff barriers, export 
credit, exchange rates, and trade 
promotion, we are taking steps to 
obtain outcomes more favorable to 
us. These efforts are important and 
are being pursued vigorously. 
Nonetheless, it must be recognized 
that success in many of these areas 
requires decisions by other govern- 
ments, a process that is both time 
consuming and not within our con- 
trol. 

The major element which we can 
influence decisively for the long run 
is the level of technological develop- 
ment. It may be our only hope of 
maintaining a future trade position 
adequate to support our balance of 
payments in the years to come. 

In the presentation that follows, I 
intend to concentrate on this area 
not because it is the sole answer to 
the trade problem but because it is 
a vital part of the answer and 
because I am convinced that we can 
do something about it. 


Background 


For a number of _ historical 
reasons, technology has been one of 
the cornerstones of the United 
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States economy. In the 19th and 
20th centuries the United States 
was a labor-scarce market. This 
made American wages generally 
higher than other nations and 
tended to make American prices 
less competitive in the world mar- 
ket. Ways had to be found to make 
up for both scarce labor and result- 
ing higher product prices. Our 
answer was to develop and use 
processes and equipment which 
would increase the productivity of 
the American labor force. In brief, 
technological advances had to be 
created to compensate for our 
higher domestic wages. 

During the 19th century the 
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“*_ the level of technological 
development — may be our only hope of 
maintaining a future trade position 
adequate to support our balance of 
payments in the years to come.” 


productivity of the United States 
labor force caught up with and 
passed all European competitor na- 
tions. The natural forces of the 
economy shifted laborers from low- 
productivity farming to  high- 
productivity industry as increas- 
ingly sophisticated machines and 
processes were applied to industry. 
As a result, in 1876 the United 
States recorded its first favorable 
trade balance. 

Throughout the first half of the 


20th century, United States produc- 
tivity growth rates surpassed those 
of Europe. Within the last two 
decades, however, the situation has 
been reversed. Since 1950, Europe- 
an and Japanese productivity 
growth rates have been higher than 
ours. This reversal has _ been 
achieved by a determined effort by 
them to accelerate technological 
progress and to make it an engine of 
economic development. 

While United States technologi- 
cal development has not been stag- 
nant, our competitors have been 
making greater relative efforts and 
are in effect catching up. Western 
Europe and Japan are narrowing the 
technology gap. They have in- 
creased R&D expenditures sub- 
stantially and their increases in 
productivity over the last few years 
have far outpaced ours. The result 
is that American producers are 
finding it hard to hold their own 
against foreign manufacturers at 
home and abroad. 

The purpose of this presentation 
is to illustrate the dimensions of the 
problem and to show the possible 
roles that Government might as- 
sume in assisting American indus- 
try to enhance the Nation’s 
technological level in a vastly more 
competitive world economy. 

The first consideration in this is 
to review the evidence relating to 
our trade decline and the relation- 
ship between that trade decline and 
the state of our technology com- 
pared to that of our competitors. 


Balance of Trade 


The balance of trade measures 
the competitive position of products 
in the world market. The United 
States overall balance of trade in 
recent years has deteriorated from 
surpluses of $5-$7 billion in the 
early 60’s to $1-$2 billion levels 
since 1967. In 1971 the trade sur- 
plus may disappear altogether, for 
the first time since 1893. 

In order to identify more closely 
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the relationship between technology 
and trade, we have broken down 
trade balances into categories of 
higher and lower technological in- 
tensity: (1) agricultural products, (2) 
raw material (minerals, oil, etc.), (3) 
low-technology manufactures (such 
as textiles, iron and steel, footwear), 
(4) high-technology manufactures 
(such as computers, aircraft, au- 
tomobile products). 
The following 
emerged: 


trends have 


(a) agricultural products show a 
small but fluctuating surplus; 

(b) raw materials have a large 
and persistent deficit, one 
that is likely to grow; 

(c) the major trade losses have 
occurred in low-technology 
products. From 1951-1955 the 
United States showed an 
average annual surplus of $1.8 
billion in’ these products. 
Deficits started in 1958 and by 
1965 a deficit of $2.9 billion 
was realized; by 1970 this 
deficit more than doubled to 
$6.1 billion. It will continue to 
increase. 

(d) the increasing deficit in low- 
technology products, plus the 
chronic deficit in raw materi- 
als, has been offset by sizea- 
ble but stable surpluses in 
high-technology products. A 
surplus of $9.1 billion was 
realized for these products in 
1965; minimal growth (per- 
haps none if inflationary fac- 
tors are considered) occurred 


between 1965 and 1970. 


Most of the new imports in high 
technology products have been 
from the more developed competing 
nations. With the exception of 1970, 


recent United States trade sur- 
pluses with Western Europe in 
high-technology products have 


declined. Our surplus with Canada 
has also dwindled, largely because 
of an automotive agreement. The 


United States had a deficit of $0.1 


billion in such trade with Japan in 
1965; by 1970 the deficit had grown 
to $1.1 billion. 


Productivity 


An indicator of trends in the Na- 
tion’s technology position is the rate 
of productivity growth compared 
with other developed countries. 
Productivity growth involves the 
measurement in the changes of out- 
put per unit of labor input. 

Historically, United States 
productivity and productivity 
growth far outpaced other countries 
mainly because of large scale im- 
port of capital and foreign technolo- 
gy, immigration of skilled adult 
manpower, growth in markets, high 
wages which induced labor-saving 
devices, innovative spirit, lack of 
rigid traditions and comparatively 
low war losses. From 1870-1950 the 
United States rate of productivity 
growth exceeded Europe by 60% 
and Japan by 70%. Starting in 1950, 
the situation was reversed, and 
United States productivity growth 
now lags well behind Europe and 
Japan. 

From 1950-1965 our productivity 
growth rate trailed Europe by 35% 
and Japan by 60%. The trend since 
1965 shows an even more rapid rela- 
tive decline: United States rates 
trailed Europe by 60% and Japan by 
84%. These differentials in rates 
result both from unprecedented 
levels of productivity growth in Eu- 
rope and especially in Japan, and 
from declines in United States 
productivity growth (1965-1969) 
which was only 1.7% compared with 


4.5% in Europe and 10.6% in Japan. 


Factors in Loss of Technology 
Advantage 


The global indicators, balance of 
trade and comparative productivity 
vrowth rates, indicate a _ relative 
decline in United States technologi- 
cal streneth. Some of the factors un- 
derlying this decline are: (1) the ac- 
celerated worldwide transfer of ex- 
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isting technology, (2) relative lower 
United States investments for 
civilian R&D and capital equipment 
than foreign competitors, (3) the 
erowth of foreign government in- 
centives, and (4) increasing cost and 
risks of major technology 
breakthroughs, often beyond the 
capacity of individual companies. 


Worldwide Transfer of Existing 
Technology 


There has been a proliferation of 
arrangements whereby United 
States and foreign technology have 
been exchanged between countries 
under licensing arrangements, joint 
ventures, multi-national companies, 
and contracts between companies. 
Analysis shows that foreign com- 
petitors, notably Japan, have based 
a sizeable portion of their industrial 
growth on borrowed technology 
(under licensing arrangements). 


Civilian R&D 
Though the United States. still 


maintains a much higher level of 
R&D expenditures than any in- 
dividual country in the world, it is 
becoming evident that other coun- 
tries, notably Western Germany 
and Japan, are placing a much 
higher relative emphasis on civilian 
R&D. In 1968, the United States 
spent $13 billion for civilian R&D. 
Equivalent figures for Japan and 
West Germany amount to $3 and $4 
billion, respectively. These in- 
dividual expenditures represented 
1.5% of United States GNP, versus 
2.6% of German GNP and 2.0% of 
Japan’s. If the capitalized value of 
purchased foreign technology is 
computed and added to these 
figures, the United States level 
stays the same but both German 
and Japanese levels jump to $5 bil- 
lion annually. 

While the dollar level of our R&D 
exceeds the sum of West German 
and Japanese expenditures, there 
are two factors that qualify this ap- 
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Computers and other high technology products are important elements in a favorable balance 
of trade. 


parent conclusion. One is that wage 
costs in those countries are much 
lower, with the result that they can 
purchase more R&D per dollar in- 
vested. Secondly, and perhaps more 
importantly, it takes a greater R&D 
effort, at much greater cost, for the 
leading country to find innovations 
to stay ahead. 


Crowing Foreign Government 
Incentives for New Technolog 


Part of the new technological 
thrust of foreign competitors has 
been stimulated by the proliferation 
of investment and R&D incentives. 
Such incentives offered by Japan, 
Canada, and most of the countries 
in Western Europe include grants, 
loans, loan guarantees, interest sub- 
sidies and employment subsidies. 
These countries offer incentives 


such as income tax exemptions, ac- 
celerated depreciation, and tax 
credits. Canada, for example, gives 
25% vrants for capital investment in 
R&D projects. West Germany pro- 
vides up to a 50% write-off for R&D 
investment and a 10% subsidy for 
capital investments in R&D. Japan 
provides up to a 3-year tax holiday 
for profits on “‘new and important” 
products (in Japan the government 
has a very close working relation- 
ship with businesses which export). 


Patent Activity 


There is growing evidence that 
other nations have been much more 
aggressive than the United States in 
patenting new technologies. Even in 
the applications for patents by 
foreigners to the U.S. Patent Office, 

Continued on p. 280 
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R. E. Snyder checks the clearance between the lug} 
tension testing in the testing machine. Other comy) 
are: 1l-inch threaded coupling with 6-million ibf | 
million lbf capacity, 16-inch clevis pin, tension ro\ 


WORLD’S LARGI 


IN AN EFFORT TO KEEP ABREAST 
OF THE INCREASING NEED FOR 
LARGE FORCE MEASUREMENTS, the 
Bureau has put into operation a 
12-million pound capacity testing 
machine. The machine is believed 
to be the largest testing device in 
the world, and is capable of apply- 
ing forces of 12 million pounds in 
compression and 6 million pounds 
in tension. Designed primarily for 
testing full-scale structural com- 
ponents, the machine will also be 
used to apply forces for calibrating 
large capacity force-measuring 
devices such as those used to 
measure rocket thrust. 

Housed in a specially designed 
building, the machine has an overall 
height of 101 feet, 23 feet of which is 
below ground level. It provides 60 


Overall view of the 12-million lbf universal 
testing machine. The machine, believed to be 
the largest testing machine in the world, has 
just been put into operation. 
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ia 6-million lbf capacity clevis used for 
juts for the machine, from left to right, 
yeity, 15-inch threaded coupling with 6- 
isembly, and 3-million lbf capacity 


feet of vertical test space for com- 
pression tests and can be used for 
tension tests of specimens up to 55 
feet in length. In addition, struc- 
tural beams up to 90 feet in length 
may be supported horizontally for 
flexure tests. 

Force is generated hydraulically 
in the machine by a ram 6 feet 6 
inches in diameter with a power 
stroke of 5 feet. An independent 
hydraulic capsule acts as the load- 
sensing element. Pressure from the 
capsule excites pressure transdu- 
cers that generate electrical signals 

_ proportional to the applied load. 
_ The applied force is indicated on a 
control console by two independent 
systems, one analog and the other 
digital. 

The huge size and complexity of 
this machine’ presented major 
problems in design, manufacture, 
transport, and assembly. For exam- 
ple, two 150-ton mobile cranes were 
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ASD 


John Michalak operates the control console of the 12-million lbf capacity testing machine. 


ST TESTING MACHINE GOES INTO OPERATION 


erected within the building to as- 
semble components that were 
delivered to the site by rail and spe- 
cial trucks. Some of these large 
components then required careful 
hand fitting and finishing to close 
dimensional tolerances. 

The machine will be used for test- 
ing large structural components 
such as those used in bridges and 
high-rise buildings. It will also be 
used in the calibration of large force 
transducers needed for measuring 
large forces for calibrating other 
large testing machines, for deter- 
mining the pressure in rolling mills, 
and for other weighing and thrust 
measurements such as those vital to 
the space program. In this mode of 
operation a high-capacity load cell 
is loaded in the machine and com- 
pared with a group of smaller cells 
each of which has been calibrated 
previously by accurately known 
standards. 


The Bureau has lone recognized 
the need for a machine of these 
capabilities. It was not, however, 
feasible to install the device until 
the new facilities at Gaithersburg, 
Maryland, were available. The in- 
stallation of this machine and 
several new deadweight machines 
with capabilities for force calibra- 
tions up to 1 million pounds has 
ereatly enhanced the Bureau’s force 
measurement program. 

This machine was designed by 
Wiedemann Machine Company, a 
predecessor of Satec Systems, In- 
corporated, Grove City, Pennsyl- 
vania. Manufacture was by E. W. 
Bliss Company of Salem, Ohio, and 
the major assembly was by Mc- 
Dowell-Wellman Company — of 
Cleveland, Ohio. Technical moni- 
toring of all phases of the work was 
carried out by the staff of the En- 
gineering Mechanics Section of 


NBS. 
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SYNCHROTRON USED TO 
CALIBRATE NASA DETECTOR 


THE BUREAU’S ELECTRON 
SYNCHROTRON was used __ to 
calibrate a spark chamber gamma- 
ray detector for the National 
Aeronautics and Space Adminis- 
tration. The synchrotron, unique in 


the Washington area, provides 
such high-energy, __ well-defined 
electron beams that accurate 


calibrations can be made using the 
beams. 

Donald Kniffen of the NASA 
Goddard Space Flight Center, pro- 
ject scientist for the detector 
system, uses the detector! to identi- 
fy high energy gamma rays emitted 
by certain celestial objects such as 
peculiar stars and more extended 
objects such as galaxies, including 
our own. Because gamma-ray 
photons are not attracted by mag- 
netic fields, they travel in essen- 
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tially straight lines as do optical and 
radio photons. The information ob- 
tained will help scientists learn 
more about the major energy trans- 
fers taking place in our universe, 
the sources of cosmic rays, and the 
conditions which exist in galactic 
and extragalactic space. 

The detector housing, resembling 
an astronaut’s capsule, has a domed 
upper portion housing the spark 
chamber detector, and a flat under- 
side measuring approximately 4 feet 
in diameter. A white styrofoam shell 
acts as a “thermal blanket” for the 
chamber dome, and a double ring 
frame encircling the capsule pro- 
vides a suspension system support 
for hanging the detector from a 30 
million cubic foot plastic balloon. 

With the detector suspended at 
an altitude of about 140,000 feet, an 


A spark chamber detector, 
mounted in foreground, is 
being calibrated with 
known energy gamma rays 
from the NBS synchrotron. 
The detector was developed 
by NASA to study the 
gamma ray energies from 
strange stars. A double 
ring around the detector 
provides the suspension 
system for hanging from a 
balloon. A dome shaped 
hollow thermal blanket 
which covers the detector 
during flight, rests on 
shielding blocks at right. 


orientation platform points the de- 
tector in the general direction of the 
celestial object of interest. A wide 
angle aperture then allows the de- 
tector to record the arrival angle 
and energy of all _ penetrating 
uncharged particles (charged parti- 
cles are excluded by an anticoin- 
cidence counter and all uncharged 
particles except the gamma rays are 
considered as background radia- 


tion). The data from the experiment 


are telemetered to a ground receiv- 
ing station. The accuracy of energy 
and directional measurements has 
been carefully calibrated with the 
NBS © synchrotron, whose _ high 
gamma-ray energies are compara- 
ble to those expected from the 


gamma rays of the stars. 


' Kniffen, D. A., and Fichtel, C. E., A study of gamma 
rays from the region of the galactic center, Astrophys. 
J. 161, L157 (Sept. 1970). 
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POSTDOCTORAL RESEARCH ASSOCIATESHIPS FOR 1972 


The Bureau’s 1972 Postdoctoral 
Research Associate Program is now 
underway, and brochures describ- 
ing the program are available. For 
18 years, NBS has been actively en- 
gaged in the cooperative program 
with the National Research Coun- 
cil, National Academy of Sciences- 
National Academy of Engineering to 
offer young men and women with 
recent doctoral degrees, or their 
equivalent, an opportunity for 
researching many areas of deep 
concern to the scientific and 
technological community of the Na- 
tion. NBS engages in research 
covering many of the physical and 
social sciences at two major facili- 
ties: Gaithersburg, Maryland, and 
Boulder, Colorado. Postdoctoral 
applicants will be competing for 
positions in the physical sciences 
including physics, chemistry, 
radiation research, mathematics, 


metrology, and Standard Reference 
Materials, and in areas of social 
relevance, including research in 
building technology, electronic 
technology, fire technology, product 
performance and safety, and sys- 
tems analysis. 

A limited number of appli- 
cants are selected initially for 1 year 
to work closely with a _ senior 
member of the scientific staff on a 
problem of mutual concern. Exten- 
sion of an Associateship may be 
granted after 6 months tenure if 
such an extension would appear to 
benefit both the Associate and 
NBS. An applicant is responsible 
for the selection of a research pro- 
gram of his own interest and ability 
related to one of the approximately 
350 available research programs, 
for the formulation of the research 
plan, and for obtaining the approval 
of one of the scientific advisers 


listed in the brochure. He must then 
submit his application and all sup- 
porting documents to the Associate- 
ship Office of the National 
Research Council not later than 
January 15, 1972. The brochure and 
general information regarding the 
Postdoctoral Research Associate- 
ship program at NBS may be ob- 
tained from Dr. Shirleigh Silver- 


man, Administration Building 
Allll, National Bureau of Stan- 
dards, Washington, D.C. 20234. 


(telphone (301) 921-2461). 


To qualify for the Postdoctoral 
Research Associateship an appli- 
cant must be a citizen of the United 
States, and have received his Ph.D. 
or equivalent degree not earlier 
than 2 years prior to submitting his 
application. Applicants are ex- 
pected to have demonstrated su- 
perior ability for creative research. 


ATOMIC WEIGHTS Continued 


permits a straightforward calcula- 
tion of the atomic weight of zinc. 
Absolute current and time measure- 
ments were employed in this work. 
Preliminary research showed that 
the presence of oxygen in the elec- 
trolyte had a significant effect on 
the rate of spontaneous corrosion of 
zine. For this reason, a nitrogen at- 
mosphere was maintained in the 
coulometer throughout experimen- 
tation. It was also observed that 
commercial grade zincs yield a 
higher electrochemical equivalent 
than the same materials subjected 
to vacuum fusion. Initial experi- 
ments showed that zinc anodes 
amalgamated on the surface un- 
dergo electrochemical dissolution 
without the fall-off of material 
demonstrated by pure zinc elec- 
trodes during electrolysis. The cur- 
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rent efficiency for the anodic reac- 
tion was 100 percent for the current 
densities used. 

The coulometer used in_ this 
research was made up of a weighed 
zinc amalgam anode suspended 
above a mercury pool cathode. A 
porous membrane filter inserted 
under the amalgamated anode 
showed no fall-off during the elec- 
trochemical dissolution. A constant 
current of known magnitude was 
passed through the electrochemical 
cell for a precalculated period of 
time sufficient to produce a change 
in mass of the anode roughly 
equivalent to two grams. Depending 
on the current used in a particular 
experiment, the time period in- 
volved ranged from 3 to 7 X 104 
seconds. 

The studies, based on five metal- 
lic reference samples, revealed no 
significant difference among the 


values of atomic weight for refined 
materials of different origins. How- 
ever, to insure that the value ob- 
tained in this research is truly 
representative of terrestrial zinc, an 
experimental survey of primary 
zinc-bearing minerals from world- 
wide sources is now in progress. 
The value given here (65.377 + 
0.003) is based on_ preliminary 
results but other available data are 
in excellent agreement with these 
figures. With the completion of the 
data processing, a further reduction 
in the uncertainty of this constant is 
anticipated. Although the method is 
not applicable to all elements, cou- 
lometric measurements of the 
atomic weights of other elec- 
trochemically active elements are 
being attempted. 


' Marinenko, G. and Foley, R. T., A new determina- 
tion of the atomic weight of zinc, J. Res. Nat. Bur. 
Stand. (U.S.), 75A, No. 6 (Nov.-Dec. 1971). 
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SITING 


AIR POLLUTION SAMPLERS 


NBS ASSISTS ENVIRONMENTAL 


PROTECTION AGENCY 


AIR POLLUTANTS MUST BE MEA- 
SURED BEFORE THEY CAN BE CON- 
TROLLED. Now that pollutants are 
being measured systematically in 
metropolitan areas, choosing loca- 
tions for air pollution samplers 
becomes important. For _ this 
reason Bureau operations research 
analysts were asked to formulate 
site selection procedures for the 
Division of Air Quality and Emis- 
sion Data, National Air Pollution 
Control Administration (NAPCA)*. 
The procedures were needed espe- 
cially because of an anticipated 
large increase in monitoring sta- 
tions due to legislation then in 
process. The work was performed 
at NBS by Alexander Craw, with 
the assistance of NBS and 
NAPCA personnel. They demon- 
strated the procedures by using 


emission, population, and 
meteorological data for an actual 
Air Quality Control Region 


(AQCR) as inputs to a computer- 
operated diffusion model. 


SELECTING SAMPLER SITES 


How do you choose locations for 
air samplers so that the data are of 
the most possible use? Should the 
sites be on a regular grid or ran- 
domly arranged? Should they be 
closer together near sources of pol- 
lution? How should they be sited in 
order to be most representative of a 
given area? There was no need to 
ask these questions when, in 1953, 
the Public Health Service 
established an air sampling network 
that relied on voluntary efforts to 
operate 17 samplers in 17 communi- 
ties. This system, the National Air 
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Sampling Network (NASN), was 
revised in 1957 and 1961 and en- 
larged to include about 250 cities. 
Not until 1967 did NASN receive 
data from multiple sites in commu- 
nities, making it necessary to con- 
cern itself with local patterns of air 
pollution. 

At first the NASN sampled only 
particulate matter—solid particles 
and liquid droplets — but it now can 
monitor gaseous materials, also. 
The air samples are analyzed for 
sulfates, nitrates, soluble particles, 
and for many metals. The Federal 
Government supplies sampling 
equipment to the cooperating local 
vovernments, which agree to 
operate the equipment on a 
schedule prescribed by NAPCA—a 
24-hour period for a day selected 
during each 2-week period. NAPCA 
also made recommendations re- 
garding the sites at which the equip- 
ment was to be installed. 


NBS APPROACH 


For most cities no pollutant dis- 
tribution data are available for use 
in selecting sampler sites. In such 
cases NBS projected pollution con- 
centration patterns as the output of 
a computer-operated atmospheric 
diffusion model for the city or locali- 
ty. An existing NAPCA program 
was modified for this project to ena- 
ble the model to be run on the Bu- 
reau’s UNIVAC 1108 computer. 
The model—fed as input existing 
emission data, meteorological data 
(wind direction and speed and at- 
mospheric stability class data for 
the specified season), and popula- 
tion data—shows concentrations of 


the veographical spread of each pol- 
lutant. If any actual concentration 
data exist, the model scales can be 
adjusted to coincide with the known 
values. 

From the calculated data, pro- 
jected concentration contours can 
be plotted on maps for each pollu- 
tant or combination of them for 
specific seasons. A band can also be 
identified that contains pollution 
concentrations within a_ given 
amount of the mean value (or other 
chosen value) over the area of in- 
terest. These contour maps for each 
pollutant and season of interest are 
then superimposed, and sampler lo- 
cation points are selected at which 
the bands overlap or _ inter- 
sect. Sites can be selected in this 
way to satisfy multiple objectives; 
since sampling equipment is 
limited, such points are the 
preferred sampler locations for the 
pollutants and seasons of interest. 


THE BUFFALO EXPERIMENT 


The NBS site location procedure 
was applied experimentally to the 
Buffalo (New York) AQCR, consist- 
ing of Niagara and Erie counties. 
For modeling purposes each 5 km- 
x-5 km square was considered to be 
an area source and 21 specific 
elevated sources were considered to 
be point sources. Emission data for 
this region were obtained from 
NAPCA and meteorological data for 
a year were obtained from the Na- 
tional Weather Records Center for 
input to the computer model. Only 
evaseous sulfur oxides (SOs and SO;) 
and particulate emissions were con- 
sidered. 

The model has a feature based on 
the concept that it is not the pollu- 
tion itself that is of interest, but the 
effects of the pollution, which de- 
pend partly on population densities. 
The diffusion model program used 
for this project accepted five dif- 
ferent weighting factors for the 
population densities. The weighting 
factors “plugged in” were, in addi- 
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tion to unity, those representing the 
1969 residential population, the 
1969 work (daytime only) popula- 
tion, the projected 1975 residents, 
and the projected 1985 residents. 
The outputs of the computer- 


2010 5 0 5 10 20 


STANDARD FREQUENCY AND TIME 
BROADCASTS 


High-frequency radio _ stations 
WWV (Fort Collins, Colo.) and 
WWVH (Maui, Hawaii) broadcast 
time signals on the Coordinated 
Universal Time (UTC) system as 
coordinated by the Bureau Interna- 
tional de lHeure (BIH), Paris, 
France. The NBS time scale, 
UTC(NBS), and the U.S. Naval Ob- 
servatory time scale, UTC(USNO), 
are jointly coordinated to within +5 
microseconds. The UTC pulses 
occur at intervals that are longer 
than one coordinated second by 300 
parts in 10!° during 1971, due to an 
offset in carrier frequency coor- 
dinated by BIH. To maintain the 
UTC scales in close agreement with 
the astronomers’ time, UT2, phase 
adjustments are made at 0000 hours 
Greenwich Mean Time (GMT) on 
the first day of a month as an- 
nounced by BIH. There will be no 
adjustment made on December 1, 
1971. 

The low-frequency radio station 
WWVB (Fort Collins, Colo.) broad- 
casts seconds pulses without offset 
to make available to users the stan- 
dard of frequency so that absolute 
frequency comparisons may be 
made directly, following the 
Stepped Atomic Time (SAT) 
system. Step time adjustments of 
200 ms are made at 0000 hours 
GMT on the first day of a month 
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operated diffusion-population mod- 
els were printed out on a large 
plotter, giving concentrations of the 
sulfur oxides and particulates for 
summer and winter months. These 
predicted contours were studied to 


find locations that would measure 
maximums of both pollutants as 
well as locations where area 
average values could be sampled. 


*Now the Division of Atmospheric Surveillance, En- 
vironmental Protection Agency. 


STANDARDS AND CALIBRATION 


when necessary. BIH announces 
when such adjustments should be 
made in the scale to maintain the 
seconds pulses within about 100 ms 
of UT2. There will be no adjustment 
made on December 1, 1971. 
NBS obtains daily UT2 informa- 
tion from forecasts of extrapolated 
UT2 clock readings provided by the 
U.S. Naval Observatory with whom 
NBS maintains close cooperation. 


BROADCAST OF NEW TIME SCALE 


Since 1967 the second has been 
defined in terms of an atomic transi- 
tion, while time scales in general 
use are based on the rotation of the 
earth. This has resulted in the dis- 
semination of a compromise time 
scale arrived at by international 
agreement through the _ Interna- 
tional Radio Consultative Commit- 
tee, and maintained by the Interna- 
tional Bureau of Time (BIH). This 
scale, known as _ Coordinated 
Universal Time (UTC), presently 
operates with a frequency offset 
from the atomic scale of —300 x 
10-'° to approximately agree with 
the rotation of the earth. Occasional 
step adjustments in time of 0.1] 
second are also made to compen- 
sate for unpredictable variations in 
the earth’s rate of rotation. 

To avoid the disadvantages of 
having an offset frequency and frac- 
tional second step adjustments, the 
UTC time scale will change on 1 
January 1972. The new UTC scale 


will operate with no frequency off- 
set, thus providing time intervals 
that are exactly one second long. 
The scale will continue to keep in 
approximate agreement with earth 
time, known as UT], by step adjust- 
ments of exactly one second occur- 
ring about once per year. There will 
be a preference of adjustments on 
the Ist of January and July. In any 
case the new UTC scale should not 
differ from UT] by more than 0.7 
second. 

In the U.S., therefore, the NBS 
standard broadcast services’ of 
WWYV, WWVH, and WWVL will be 
changed to have zero offsets in their 
carrier and modulation frequencies 
and time signals. At 00 hours on | 
January 1972, UTC will be reset a 
fraction of a second, sufficient to 
give the new UTC scale an initial 
difference of an integral number of 
seconds (probably 10.000 seconds 
late) with respect to International 
Atomic Time (IAT) as maintained 
by the BIH. UTC is now about 9 
seconds late compared to IAT, and 
during the next year the difference 
will probably increase to about 10 
seconds; thus, the reset should be 
only a few hundred milliseconds. 
Thereafter, the difference between 
UTC and IAT will always be an in- 
tegral number of seconds. The dif- 
ference between UT1 (not UT2) and 
the broadcast signal will also be 
given after 1 January 1972, probably 
with a resolution of 0.1 second. 
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ECONOMY Continued 


the share of foreign applications for 
United States patents has grown 
steadily from 25% of United States 
patent applications in 1961 to nearly 
45% in 1969. This, of course, 
represents only a portion of the total 
foreign patent activity. 

Fixed Assets. In terms of annual 
erowth and percent of GNP, United 
States competitors are out-perform- 
ing the United States in the rate of 
investments in fixed assets for dura- 
ble equipment and nonresidential 
structures for business purposes. 
This has been true since 1950 and 
more pronounced since 1959. From 
1959-69, the United States annual 
erowth rate in investment in fixed 
assets was 5.8% compared with 
9.2% for France, 6.1% for West 
Germany and 16.9% for Japan. In 
terms of relative effort our competi- 
tors again outdo the United States. 
In 1969, United States share of GNP 
devoted to investment in fixed as- 
sets was less than 11%; comparable 
levels for France, Germany and 
Japan were 18%, 19% and 29% 


respectively. 


Labor Cost Considerations. The 
maintenance of technological ad- 
vantages, while vital for national 
security, is also essential for the Na- 
tion’s economic well-being. Given 
our higher labor costs, it is only in 
the product areas with technologi- 
cal superiority where we can expect 
to maintain our economic competi- 
tiveness. In the absence of compen- 
sating technological factors which 
result in a better quality of product, 
unique products, or cheaper 
production methods, the United 
States is faced with a critical cost 
disadvantaze due to its high labor 
costs. Though labor costs have been 
rising rapidly in competitive coun- 
tries, the differential is still vast. In 
1970, Japanese labor costs (includ- 
ing fringe benefits) were only 26% 
of the United States levels, United 
Kinedom levels were 37%, France 


39%, West Germany 54% and 
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Canada 83%. While such _ dif- 
ferences may narrow somewhat in 
the foreseeable future it is not likely 
that wages in these countries will 
match those in the United States for 
a long time. The spread of course is 
even vreater in the case of the 
developing countries. 


WHY SHOULD THE FEDERAL 
GOVERNMENT BE CONCERNED? 


The situation I have just 
described is clearly serious and 
vrowing worse. It has already af- 
fected our international trade posi- 
tion and promises to have an even 
ereater impact in the future. 

The magnitude of the problem is 
such that we cannot rely upon nor- 
mal market forces to maintain our 
advantage in technology. We are at 
the forefront in many technological 
areas. The costs of breaking new 
eround in some of these areas are 
higher — higher than private compa- 
nies or perhaps even private consor- 
tia are able to justify because the 
risks are so great. We have recog- 
nized this fact in the space, defense, 
and atomic energy areas. Other 
trading nations have recognized it in 
the area of civilian R&D and have 
taken steps to assist technological 
development. If we are to maintain 
our advantages in this area we must 
first of all accept the idea that it has 
become a proper sphere for govern- 
mental action. 


OBJECTIVES 


Our objectives in technolovy are 
readily described. We must strive 
to: 


— Remove barriers impeding the 
use of existing technology. 

—Stimulate better use of exist- 
ing technology. 

— Remove barriers impeding the 
development and use of new 
technology. 

—Stimulate the development 
and use of new technology. 


Let me now turn to some of the 
ways we might proceed to attain 


these objectives. These alternatives 
are presented in the nature of pro- 
vram options each of which will 
require extensive further analysis in 
order to determine if, in fact, it pro- 
vides an effective and acceptable 
way of maintaining our technology 


lead. 


Program Option 1 


We should examine the feasibility 
of establishing a single federal focus 
for several activities directly related 
to enhancement, assessment and 
forecasting of industrial technology. 

These activities would include: 


—Identification of technology 
opportunities in various indus- 


tries. 

— Assessment of current 
technological strengths and 
weakness. 


—Forecast of future technologi- 
cal developments. 

— Development of specific indus- 
trial technology enhancement 
programs. 

—Establishment of mechanisms 
to guide technology transfer. 
—Development of educational 
and training programs 
designed to encourage inven- 

tion and innovation. 

— Acceleration of domestic dis- 
semination of the results of 
c’overnment sponsored R&D. 


Some of the above activities are not 
now being performed. Others are 
scattered throughout the govern- 
ment and thus lack the consistent 
and coherent thrust that is required 
to obtain effective results. We 
should set about determining which 
of these activities are required and 
where they would best be located. 


Program Option 2 


Because of the increasingly hich 
costs and risks of exploration on the 
technological frontier, we should 
carefully explore the feasibility of 
creating direct and indirect finan- 
cial incentives aimed at stimulating 
the development and utilization of 
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new technology. Several alterna- 
tives are available. For example, 
should direct federal assistance be 
provided through: 


—loan guarantees? 

—cost sharing? 

—vrants? 

— procurement incentives? 


Indirect financial assistance 
could take the form of tax incen- 
tives for R&D and capital expendi- 
tures. Perhaps the United States 
will need to match some of the tax 


incentives (depreciation al- 
lowances, investment credits, 
credits for incremental R&D, 


favorable treatment for casual in- 
ventors) offered by its competitors. 


Program Option 3 


Substantial progress might also 
be made simply by freeing our in- 
dustries from some of the burdens 
under which they, but not their 
foreign competitors, operate. The 
high costs and risks of technological 
development, for example, might 
well be spread among a number of 
firms, but our antitrust rules now 
prevent this by prohibiting joint 
ventures and joint research. 

It may well be time to modernize 
antitrust laws which evolved to deal 


with the different problems of an 
earlier era in order to permit the 
pooling of funds and risks that must 
accompany major technological ad- 
vances. 


Program Option 4 


Technological development and 
utilization is frequently delayed by 
the lack of generally accepted in- 
dustrial standards. Potential manu- 
facturers hesitate to invest heavily 
in the introduction of innovative 
equipment when they are uncertain 
about the requirements or specifi- 
cations which will define the market 
for such equipment, especially in 
export trade. We should encourage 
the setting of voluntary standards 
where appropriate and mandatory 
ones where absolutely necessary. 

But today voluntary standards 
making is usually inhibited by an- 
titrust laws. Again, it may be time to 
reexamine these laws to ensure that 
they meet the needs of today. More 
effective standards can also be 
achieved by: 


—avoiding frequent changes in 
standards 

— substituting performance stan- 
dards for material standards 

—preempting state and _ local 


standards or promoting 
uniformity among them. 


In international trade, it is ex- 
tremely important that the United 
States insist upon participating in 
standards-setting negotiations to 
avoid prejudice to our products. 
Legislation to this effect is now be- 
fore the Congress. 


CONCLUSIONS 


I do not presume, today, to sug- 
vest which of these options are most 
effective or even most desirable. A 
considerable amount of thorough 
analysis by both the Executive and 
Legislative Branches is necessary 
in order to settle upon that com- 
bination which will maintain the 
preeminence of American technolo- 
ey in the world market. 

This work is now proceeding in 
the Department of Commerce and 
other units of the Administration. 
My sole objective in testifying today 
has been to point up the significant 
relationship between technology 
and commerce, especially its sig- 
nificance to our international 
economic streneth. 

If we recognize the importance of 
this relationship, | am confident 
that we can find the correct solu- 
tion. 


Conference on Accuracy in Spectrophotometry and 
Luminescence Measurements 


A conference on Accuracy in 
Spectrophotometry and Lumi- 
nescence Measurements will be 
held at NBS on March 22-24, 1972. 
The purpose of the conference is to 
focus attention on both the physical 
and chemical problems related to 
accurate spectrophotometric, fluo- 
rometric and  phosphorometric 
measurements of materials. The 
status of these competences from 
the standpoint of basic principles 
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and instrumental parameters will be 
defined. A critical survey of analyti- 
cal needs will emphasize measure- 
ment problems in the areas of 
health and environment. 

Sponsored by the NBS Analytical 
Chemistry Division, the conference 
will feature eighieen internationally 
known speakers and _ panelists. 
The topics to be presented include 
discussions of basic principles, in- 
strumental parameters, criteria for 


standards and specific needs. It is 
hoped that the results of this con- 
ference will provide stimulus for the 
accurate measurement of proper- 
ties of a variety of materials based 
on their transmittance and emission 
characteristics. 

For further information contact 
Dr. Oscar Menis, General Chair- 
man, B-224 Chemistry Building, Na- 
tional Bureau of Standards, 
Washington, D.C. 20234. 
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Precision Measurement Grants 


The Bureau has presented its 
197] Precision Measurement 
Grants to Professor Norval Fortson, 
Physics Department, University of 
Washington; Professor William 
Parker, | Physics Department, 
University of California, Irvine; and 
Professor Arthur Rich, Physics De- 
partment, University of Michigan. 
The grants were made in recogni- 
tion of their outstanding work in 
measurement science, work that 
provides the quantitative basis 
needed for much of our science and 
technology today. Grants of $15,000 
each are awarded each year to 
scientists whose research reveals 
unusual talent for developing im- 
proved precision measurement 
techniques. 

Professor Fortson has developed 
techniques for making high preci- 
sion measurements on stored ions 
and for studying ion-atom collision 
processes. lons are trapped in a 
high vacuum by suitable electric 
and magnetic fields. The long 
storage times achieved minimize 
perturbations and enhance the ac- 
curacy of the results which can be 


obtained. Professor Fortson also 
worked earlier on the development 
of the hydrogen maser. 

Professor Parker’s research has 
been concerned with the precise 
measurement of fundamental con- 
stants using the phenomenon of flux 
quantization in superconductors at 
low temperatures. With associates 
at the University of Pennsylvania, 
he carried out a very accurate mea- 
surement of the ratio of the electron 
charge to Planck’s constant. He is 
now engaged in a new experiment to 
determine the ratio of Planck’s con- 
stant to the electron mass. 

Professor Rich has developed a 
new technique for measuring the 
cyclotron frequency of ions to high 
precision. The results are expected 
to improve our knowledve of the 
proton mass, the faraday, and 
Avogadro’s number. Professor Rich 
was earlier involved in measure- 
ments of the difference between the 
spin precession  and_ cyclotron 
resonance frequencies of positrons 
and electrons in a known magnetic 


field. 


each year, and extends a number c 
them for periods of up to thre 
years. The vrants are not intende 
to replace other sources of support 
but to assist research workers ii 
technically advancing their nev 
ideas and novel techniques of preci 
sion measurement to a point wher 


they can obtain other funds 
Recommendations for the grant: 


are made by scientists who have 
made major contributions to preci 
sion measurement. The committee 
for this year consisted of: Professoi 
H. G. Dehmelt, University oi 
Washington; Professor W. Fair 
bank, Stanford University; Profes. 
sor V. W. Hughes, Yale University: 
Professor N. Ramsey, Harvare 
University; and Professor J. Weber. 
University of Maryland. 

NBS welcomes suggestions con- 
cerning potential grant recipients. 
Suggestions should be received by 
January 1, 1972, to be included in 
the next fiscal year’s program, and 
should include a list of the 
nominee’s publications and some 
information on the research area in 
which he is now - working. 
Preference will be given to younger 
scientists in awarding the grants. 


All suggestions and comments 
should be addressed to Dr. 
Shirleigh Silverman, Office of 


Academic Liaison, Administration 
Building A-1111, National Bureau of 
Standards, Washington,D.C. 20234. 


VAPOR PRESSURE Continued 


ments, it is desirable to have a 
formulation that is in closer 
agreement, preferably within the 
estimated uncertainty of the 
vapor pressure measurements. 
In the NBS work, the Clausius- 
Clapeyron equation was _ inte- 
grated using the accurate calori- 
metric data of Osborne, Stimson, 
and Ginnings along with the Goff 
and Gratch formulations for the 
virial coefficients of water vapor.* 4 
The equation was then adjusted to 
bring it into closer accord with 
the pressure measurements. 
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NBS makes three new grants 
The derived equation is as 
follows: 


Tp = hie Ban lag 
i=0 

where J is in Kelvin (IPTS4s), 
ER] e512 10 ae 
9.65389644 x 10!', Ey = 2.3998970 
Ose 65455 1x 10 
Ek, = —1,2810336"% 10-3 eb e=— 
2)0998405 —< 1048 “and 78 
=|: 2150T999e x © 10 ee AS eimilar 
equation with eleven terms was 
derived for the JPTSgg temperature 
scale. 

Using the equation two tables of 
vapor pressure were generated, 


I 


one based on JPTS¢gg and_ the 
other on IPTS4s. The tables are 
expressed in pascals as a func- 
tion of temperature at 0.1 degree 
intervals over the range 0 to 


100°C. 


"Wexler, A., and Greenspan, L., Vapor pressure 
equation for water in the range O to 100°C, J. 
Res. Nat. Bur. Stand. (U.S.), 75A (3), 213-229 (May- 
June 1971). 

“Stimson, H. F., Some precise measurements of 
the vapor pressure of water in the range from 25 
to 100°C, J. Res. Nat. Bur. Stand, (U.S.), 73A (4), 
493-496 (Sept.-Oct. 1969). 

3 Fiock, E. F., and Ginnings, D. C., Heat of vaporiza- 
tion of water at 50°, 70°, and 90°C, J. Res. Nat. 
Bur. Stand. (U.S.), 8, 321-324 (1932) RP416. 

‘Goff, J. A., Standardization of thermodynamic 
properties of moist air—final report of the Working 
Subcommittee, International Joint Committee on 
Psychrometric Data, ASHVE J. Section, Heating, 
Piping and Air Conditioning 55, 118 (1949). 
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The First Evidence of Promethium in a Star 


SPECTRAL DATA PROVIDED BY THE 
BUREAU have led to the first posi- 
tive identification of promethium 
in a star. Promethium, a_short- 
lived element which has no stable 
isotopes, has been identified spec- 
troscopically in the A type star HR 
465 by Margo F. Aller and Charles 
Cowley of the University of 
Michigan.!? Identification of 
promethium was obtained by com- 
paring the observed spectra first 


with the early (1951) NBS spectral 
data of William Meggers, Bourdon 
Scribner, and William Bozman? 
and then with more recent spectral 
data of Joseph Reader of NBS, 
who had collaborated in this work 
with Sumner Davis of the Univer- 
sity of California, Berkeley.‘ 
Unpublished data on the sensitive 
lines of other elements was _pro- 
vided by Charles Corliss, also of 
NBS. 

The discovery of promethium in 
stars is important in two ways: It 
demonstrates that promethium is 
naturally present in the universe. 
And as it is a short-lived, unstable 


element, it must be produced near 


the surface of a star, otherwise its 
natural transport to the surface 
from deep within the star’s interior 
would surpass the lifetime of the 
element. The identification has thus 
raised questions of great im- 
portance for understanding stellar 
evolution. 

Spectral data of HR 465, obtained 
in 1961 by William P. Bidelman 
with the Lick 120-inch telescope, 
showed an unusually large number 
of spectral lines. He successfully 
identified 75 percent of the lines, 
revealing that the star was 
unusually rich in the rare-earth ele- 
ments. Aller and Cowley began 
their identification of promethium 
by comparing the line list from 
Bidelman’s — spectrograms — with 
wavelength and intensity measure- 
ments on promethium provided by 
Meggers, Scribner, and Bozman of 
NBS.3 All eleven of the stronvest 
promethium (Pm I) lines were 
present in the HR 465 spectra. 

As acheck, Aller and Cowley ex- 
amined seven of the strongest stel- 


lar lines that they assigned to 
promethium, to determine if the 
lines could have been produced by 
other elements. With catalogued 
spectra’ and data provided by 
Charles Corliss of NBS, Aller and 
Cowley concluded that the seven 
stellar lines could only be attributed 
to promethium. 

A further conclusive check of the 
presence of promethium was the 
identification of the resonance lines 
of the element, produced when a 
vround state electron jumps to the 
first excited state. With the data of 
Reader and Davis, the Michigan 
team was able to verify that 
promethium resonance lines were 
present. 


' Aller, M. F., Promethium in the star HR 465, Sky and 
Telescope, 220 (Apr. 1971). 

? Aller, M. F., and Cowley, C. R., The possible identifi- 
cation of promethium in HR 465, Astrophys. J. 162, 
L145 (1970). 

3 Meggers, W. F., Scribner, B. F., and Bozman, W. R., 
Absorption and emission spectra of promethium, J. 
Res. Nat. Bur. Stand. (U.S.), 46, 85 (1951). 

4Reader, J., and Davis, S.P., Fundamental energy 
levels of neutral promethium (Pm 1), J. Res. Nat. 
Bur. Stand. (U.S.), 71A, 587 (1967), and unpub- 
lished data on singly-ionized promethium. 


ACCELEROMETERS 


Continued 


with the acceleration value desired. 
If the correct value has not been ob- 
tained, the computer determines 
and places in the data block a new 
value for oscillator voltage, which it 
retains for use in determining sub- 
sequent excitation voltages. When 
the measured acceleration level is 
within an established tolerance of 
that desired, the computer reads 
the voltage ratio of the test ac- 
celerometer output to the reference 
accelerometer output. The com- 
puter calculates the test pickup’s 
calibration factor, prints it on the 
typewriter, records it in the memory 
for later plotting, and proceeds to 
the next set of calibration parame- 
LEEKS. 


November 197] 


SYSTEM FEATURES 


Several advantages are brought 
to the calibration system by the pro- 
grammable oscillator used. It sup- 
plies digitally set frequencies hav- 
ing high accuracy and a low har- 
monic distortion (less than 0.05%). 
Most important, the computer 
maintains each output until the 
calibration parameters have 
reached a steady state and only 
then measures the pickup’s sen- 
sitivity. 

Changes in the test sequence can 
be made by keyboarding the in- 
structions to the computer to over- 
ride the initial program. The opera- 
tor can at any time, for example, 
rerun a test in order to determine 
the repeatability of the measure- 
ments. 


The test pickup frequency 
response plot can be given an in- 
creasingly analog character by 
decreasing the size of the frequency 
increments, thereby increasing the 
number of data points. 

If different circuit components or 
computer accessories are to be 
used, they can be inserted in the 
configuration at a quick-connect 
panel. It is useful, also, in calibrat- 
ing the ac-to-de voltage converters, 
inspecting the purity of the excita- 
tion waveform, and various other 
measurement tasks. 


' Payne, B. F., An automated precision calibration 
system for accelerometers, Proc. of 17th Nat. 
Aerospace Instr. Symp. of the Instr. Soc. Am. (May 
1971). 

2 Frequency range of calibration vibrators ex- 
tended/ceramic armature and air bearings improve 
performance, Nat. Bur. Stand. (U.S.), Tech. News Bull. 
51, 90-92 (May 1967). 
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NSRDS_ was established to 
make critically evaluated data in 
the physical sciences available to 
science and technology on a na- 


The 


tional basis. The NSRDS is ad- 
ministered and coordinated by the 
NBS Office of Standard Reference 
Data. 


SELECTED TABLES OF ATOMIC 
SPECTRA 


The latest critical compilation in 
the NSRDS series is Section 4 of 
NSRDS-NBS 3, Selected Tables of 
Atomic Spectra, Atomic Energy 
Levels and Multiplet Tables NIV, N 
V, N VI, N VIL by Charlotte E. 
Moore! (55 cents, SD Catalog No. 
C13.48:3/Sec. 4). This publication is 
part of a series being prepared in 
response to the increasing demand 
for a current revision of two sets of 
tables containing data on atomic 
spectra as derived from analyses of 
optical spectra. Meanwhile, work is 
underway to update and revise the 
first set, Atomic Energy Levels, NBS 
Circular 467, which will be 
reprinted and published at a later 
date as NSRDS-NBS 35, Volumes I, 
II, and III. 

The second set consists of two 
Multiplet Tables; one published in 
1945 by the Princeton University 
Observatory contains multiplets 
having wavelengths longer than 
3000 A; the other, An U/tra-Violet 
Multiplet Table, NBS Circular 488, 
was issued in five Sections, the first 
in 1950, the second in 1952, and the 
others in 1962. The 1945 Princeton 
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Multiplet Table is being updated 
and reprinted as NSRDS-NBS 40. 
The present NSRDS-NBS 3 se- 
ries includes both sets of data, the 
energy levels and multiplet tables 
as parts A and B, respectively, for 


selected spectra contained in 
Volume I of ‘Atomic Energy 
Levels.” The Sections are being 


published at irregular intervals as 
revised analyses become available. 
A flexible paging system permits 
the arrangement of the various Sec- 
tions by atomic number, regardless 
of the order in which the separate 
spectra are published. NSRDS-NBS 
3, Section 1! (35 cents, SD Catalog 
No. €13.48:3/Sec. 1) includes three 
spectra of silicon, Z=14: Si H, Si HI, 
Si IV. Section 2! (20 cents, SD 
Catalog No. C13.48:3/Sec. 2) con- 
tains similar data for Sil. Section 3! 
($1, SD Catalog No. €C13.48:3/Sec. 
3) covers all the spectra of carbon, 
76, CIC TSG il Gv Ce Vege 
VI. Section 4 includes four spectra 
of nitrogen, NIV, NV, N VI, N VII. 
Section 5 is scheduled to include 
the remaining spectra of nitrogen: 
NI, N II, N LI. The form of presen- 
tation of the data is described in 
detail in the text of Section 1. 


JOURNAL OF PHYSICAL AND 
CHEMICAL REFERENCE DATA 


Beginning in 1972, the major por- 
tion of the output of the National 
Standard Reference Data System 
will be presented in a quarterly jour- 
nal jointly published by the Amer- 
ican Institute of Physics (AIP), the 


American Chemical Society (ACS) 
and the National Bureau of Stan- 
dards. Entitled Journal of Physical 
and Chemical Reference Data, the 
periodical will carry the compila- 
tions and reviews of evaluated 
reference data produced by the Na- 
tional Standard Reference Data 
System heretofore published 
through the United States Govern- 
ment Printing Office and sold by 
the Superintendent of Documents. 


The following subscription rates 
for the Journal have been estab- 
lished: Domestic Members of 
AIP and ACS, $20; Foreign 
Members of AIP and ACS, 
$23; Nonmembers, Domestic, 
$60; and Nonmembers, Foreign, 
$63. All subscriptions should 
be sent to the American Chem- 
ical Society, 1155 16th Street, 
N.W., Washington, D.C. 

20036. AIP members’ should 
identify the member or affili- 
ted society in which they hold 
membership. 


CODATA PANEL DISCUSSION ON 
STATE OF TRANSPORT DATA 


The following material is ex- 
cerpted from a report by Y. S. Tou- 
loukian, Director of the Ther- 
mophysical Properties Research 
Center and Chairman of the 
CODATA Panel on Transport Pro- 
perties Data, presented at the Sep- 
tember 1970 meeting of the Interna- 
tional Council of Scientific Unions 
Committee on Data for Science and 
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Technology (CODATA) at St. An- 
drews, Scotland. Although Dr. Tou- 
loukian’s report was on transport 
properties, much of the matter is 
applicable to data evaluation in 
general. 

“Transport (or nonequilibrium) 
properties are considered distinctly 
separate from thermodynamic (or 
equilibrium) properties to the extent 
that they differ in the fundamental 
treatment of the integral differential 
equations describing them. Because 
of both the theoretical and experi- 
mental difficulties in the prediction 
and measurement of these proper- 
ties, I believe one can state that our 
knowledge of these important pro- 
perties is one order of magnitude 
less than equilibrium __ ther- 
modynamic properties . . . 

“Before embarking on the sum- 
mary of the deliberations of the 
panels yesterday afternoon, I wish 
to take this opportunity to define 
carefully the usage of certain terms. 
In the sense used in these delibera- 
tions, the term “‘Critical Analysis”’ 
implies that a body of data has been 
critically reviewed and evaluated by 
individual experts in the field, hav- 
ing a significant degree of sophisti- 
cation. As a result of such close 
scrutiny of the data, one normally 
arrives at a set of recommended 
values which are considered as the 
‘most probable” value of the pro- 
perty at a given time; reserving the 
privilege of changing the recom- 
mendations at a future date based 
on newer data and/or improved 
state of knowledge. While “‘critical 
analysis”’ always does set a level of 
confidence for the recommended 
values, there is no implication what- 
soever of high accuracy or precision 
of the recommended values. 

‘In the field of transport proper- 
ties data we have no illusion that we 
can find the answers to problems 
with the use of the almighty com- 
puter. While at best the computer 
gives us a hope for possible solu- 
tions to a number of these 
problems, it cannot eliminate the 
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requirements of the  ‘“‘man- 
machine” interfacing. Note that the 
important part in this term is the 
man and not the machine. For the 
future, the answer to knowing what 
it is that we know rests in the 
further development of specialized 
information analysis centers (LAC) 
of excellence to perform the func- 
tions of the synthesis of knowledge. 
Therefore, the specialized IAC is a 
technical institute and not a 
mechanized technical library. I 
wish to conceive therefore that at its 
best the specialized IAC interposes 
itself as a filter between the flood of 
diffused information of high noise 
level and the ultimate user of this 
information, the engineer and 
scientist. The effectiveness of such 
a center is measured, therefore, by 
its ability to increase the signal-to- 
noise-ratio in the published informa- 
tion, as well as the range of the 
band-width of the spectrum it 
covers. Data synthesis truly creates 
new knowledge feeding itself on the 
fragments of conflicting knowledge, 
thus making contributions — of 
orizinal information of lower level of 
entropy than what is commonly re- 
ported to be original research. The 
thermodynamic explanation, — of 
course, is found in the negative en- 
tropy provided by the synthesizer or 
analyst. 

‘“A panel discussion was. or- 
vanized for Wednesday afternoon, 
September 9, to deliberate on the 
state of numerical data on transport 
properties of materials (excluding 
biological substances). Twenty-four 
attended the discussions and of 
those present at least fifteen par- 
ticipated actively. Considering the 
fact that the Second CODATA Con- 
ference did not primarily represent 
specialists in the transport proper- 
ties area such an attendance serves 
as an indication of the interest in 
and importance of the topic. While 
a tentative agenda was prepared for 
the discussion it was not possible to 
cover all subject areas. For effec- 
tiveness of the discussions, those 


present conducted their delibera- 
tions in two separate groups; name- 
ly, on fluids and solids, under the 
leadership of D. T. Jamieson and R. 
Berman, respectively, with J. R. 
Sutton and R. E. Taylor serving as 
recording secretaries. The major 
points discussed were as follows: 

“State of the theory, its adequa- 
cy, and the need for selective new 
data of high accuracy for further ad- 
vances. 

“The dire need of well-charac- 
terized standard reference materi- 
als whose properties are well- 
established. (In this connection, I 
would point out that the Interna- 
tional Union of Pure and Applied 
Chemistry (LUPAC)* recommends 
only five organic liquids as stan- 
dards for thermal conductivity only 
over 45 °C temperature range in the 
extreme case. The one-half per cent 
accuracy assignment is also con- 
tested.) 

“In the case of liquids, the 
problem of thermal radiation 
exchange was discussed at some 
length primarily relative to recent 
results communicated by Dr. Poltz 
from the Physikalisch-Technische 
Bundesanstalt (PTB), Braun- 
schweig, Federal Republic of 
Germany. These results, while still 
debatable, cast doubt on the suita- 
bility of toluene as a reference 
liquid. 

“The possibility of selecting 
fluids for secondary industrial stan- 
dards was also mentioned. It was 
recognized that while all these con- 
siderations did directly influence 
the analysis of data, they would be 
outside the prime charter of 
CODATA as presently interpreted 
and, therefore, these discussions 
were not elaborated. 

“The urgent need for the deter- 
mination of the causes for the ex- 
cessive discord in data was 
stressed. It was felt that a critical 
examination and assessment of the 
major techniques in current use is 
urgently needed, as they are clutter- 
ing the literature with new results 
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which further confuse the picture. 
While it was strongly felt that the 
analysis of techniques is very much 
in the domain of the IAC’s, the 
discussion was not pursued to any 
ereater leneth because the subject 
once again was considered to be 
somewhat outside the domain of 
CODATA as presently conceived. A 
means must be found within 
CODATA to accommodate discus- 
sion on and full consideration of ex- 
perimental techniques which are so 
closely related to the data of science 
and technology. 

“Special peculiarities to be 
resolved in both fluids and solids 
were brought up and stressed. For 
the case of nonmetallic solids the 
necessity of specimen size and 
veometry specification with the test 
results (in addition to other charac- 
erization parameters) was pointed 
out as necessary for low tempera- 
tures even as high as 100 to 150 K. 

“In the case of liquid metals, if 
recent results on thermal conduc- 
tivity are confirmed, it will require a 
modification in the present theory. 

“The degree of adequacy of the 
data on the viscosity and thermal 
conductivity of water substance was 
briefly discussed. 

“Towards the end of the discus- 
sion, those present felt the need for 
pursuing further, and on a continu- 
ing basis, exploration of those 
aspects of the discussion which 
clearly fall within the domain of 
CODATA. A resolution to establish 
a CODATA Task Group on Trans- 


port Properties will therefore be 


Firefighters’ Continued 


questions, the Bureau is presently 
performing laboratory tests and is in 
the process of constructing a full- 
scale test facility in cooperation 
with the District of Columbia Fire 
Department. The full-scale facility 
will permit environments to be 
established that realistically simu- 
late actual fire conditions. Instru- 
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submitted formally to the CODATA 
Bureau no later than January 1971.” 


ORDERING INFORMATION FOR 
THIRD EDITION, CRYSTAL DATA, 
DETERMINATIVE TABLES 


Recognizing the need for updated 
crystallographic information, the 
Office of Standard Reference Data 
has sponsored the issuance of the 
Third Edition of Crystal Data, 
Determinative Tables. The publica- 
tion should be of particular interest 
not only to crystallographers but 
also to chemists, mineralogists, 
physicists and individuals in related 
fields of study. The current edition, 
which comprises two volumes, Or- 
ganic and Inorganic, is a thoroughly 
revised and updated work, contain- 
ing over 30,000 entries. 

The entries are listed, within 
each crystal system, according to 
increasing values of a determinative 
number: a/b ratio in trimetric 
systems, c/a ratio in  dimetric 
systems, and cubic cell edge a, in 
the isometric system. In addition, 
the following information is given: 
axial ratio(s) and interaxial angles 
not fixed by symmetry, cell dimen- 
sions, space group or diffraction 
aspect, number of formula units per 
unit cell, crystal structure (whether 
determined), measured density and 
x-ray calculated density. Also listed 
is the name of the compound and 
synonym(s), chemical formula, 
literature reference and transforma- 
tion matrix. When available, the 
crystal structure type, crystal habit, 
cleavages, twinning, color, optical 


mentation will monitor heat flows 
and temperature gradients. Ini- 
tially, full-size mannequins will be 
instrumented for tests on protective 


clothing. In later tests, live 
firefighters could participate as 


subjects. The purpose of these full- 
scale tests is not to evaluate each 
and every turn-out coat but rather to 
develop the principles of fire-coat 
design. With a complete un- 


properties, indices of refraction, op- 
tical orientation, melting point and 
transition point are also listed. 

The first edition of Crystal Data 
was published as Memoir 60 of the 
Geological Society of America in 
1954. The second edition was issued 
in 1967 as Monographs 5 and 6 of 
the American Crystallographic As- 
sociation. Both editions proved ex- 
tremely valuable to crystallog- 
raphers throughout the world. The 
present edition culminates years of 
effort by J. D. H. Donnay, Johns 
Hopkins University; Helen M. On- 
dik, National Bureau of Standards; 
Sten Samson, California Institute of 
Technology; Quintin Johnson, 
Lawrence Radiation Laboratory; 
Melvin H. Meuller, Argonne Na- 
tional Laboratory; Gerard M. Wol- 
ten, Aerospace Corporation; Mary 
E. Mrose, U.S. Geological Survey; 
Olga Kennard and David G. Wat- 
son, Cambridge University, En- 
gland: and Murray Vernon King, 
Massachusetts General Hospital. 

The Third Edition of Crystal Data 
will be available in the very near fu- 
ture. For further information and 
price schedules, please write 
directly to: 

Joint Committee on 

Powder Diffraction Standards 
1601 Park Lane 
Swarthmore, 


19081 

' Available from the Superintendent of Documents, 
U.S. Government Printing Office, Washington, D.C. 
20402, for the price indicated. 

*IUPAC Information Bulletin Appendix No. 2, 
December 1969, Catalog of Physicochemical Stan- 
dard Substances, p. 17, Commission on Physicochemi- 
cal Measurements and Standards (Chairman: D. R. 
Stull), Division of Physical Chemistry, IUPAC. 


Pennsylvania 


derstanding of protective clothing 
performance under firefighting con- 
ditions, it should be possible to pre- 
dict the performance of new designs 
and materials. It is also anticipated 
that criteria will be evolved that will 
lead to specification of meaningful 
performance requirements for 
firefighters’ protective clothing. 


' The Fire Research and Safety Act of 1968, Public 
Law 90-259. 
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